High aggradation and degradation in a river induced by the last flood event will raise and decrease the risk of an upcoming flood event, respectively. To quantitatively investigate this effect, a two-dimensional (2D) hydrodynamic model coupled with a sediment transport the river-bed evolution models is developed. After being validated against two experimental benchmark tests, the model is applied to simulate the effects of the morphological change on flood patterns. It is found in two experimental scale tests that bed evolution may have substantial influence on water level, which is directly related to flood risk extent. In the application of the model computing a realistic flood event in Bayangaole Reach of Yellow River, the results show that the water surface level becomes lower for an upcoming flood event with the same hydrograph, indicating the flood risk considerably decreases in the next flood event. The effect of a perturbed bed therefore could be of significance for fluvial flood over a movable bed and therefore to flood risk management.
The aforementioned model applications mainly look at the processes of flood causing sediment transport. It is obvious that river floods with high sediment transport capacity can result in erosion and deposition (Knight & Evans ) and the reshaped bed will in turn provide a new bathymetry for the flowing flood events, but the systematic research about river-bed evolution effects on flood propagation and inundation are very rare. Zhang To quantitatively evaluate the morphological change effects on the flood propagation and inundation, this paper develops a hydrodynamic model coupled with morphological change to simulate such effects in the following section. The proposed model is then validated against two experimental benchmark tests considering both the suspended load and bed load. Then the model is adopted to evaluate the morphological effects on a realistic flood propagation and inundation, in order to show the flood pattern may be very different from that of a previous flood with a similar hydrograph, due to the perturbed topograph. Finally, brief conclusions are drawn.
GOVERNING EQUATION AND NUMERICAL SCHEMES
The numerical model is governed by the shallow water equations coupled with the sediment transport and bed evolution equations: To reflect the bed change effect on flood inundation, the new bed after 15 s is used as initial bed for simulating the next flood event caused by the same dam-break condition.
The water level and the bed at two cross sections of y ¼ 4:3 and 4.5 m are shown in Figure 6 . It is clear that the water level for the following flood event may be considerably different from that of the previous flood, on average 0.02 m lower than the previous water level on the left side and on average 0.04 m higher than the previous water level on the right side ( Figure 6(a) ), indicating that the morphological change has a remarkable effect on the flood propagation and inundation process. Accurate flood risk analysis should take account of the morphological factor for a river relevant to a movable river bed.
SIMULATION OF FLOW AND SEDIMENT TRANSPORT OVER A TRENCH
The experiments conducted at the Delft Hydraulics Labora- The model was run for 4,800 s to achieve a steady flow. To evaluate the bed evolution effects on flood propagation and inundation process, a following flood event is modelled, using changed bed at t ¼ 7.5 h as the initial condition with the same flow property. The computed bed evolution process is plotted in Figure 8 which shows a different bed profile. For the flow over the new bed, the computed water level is slightly higher than that of the previous flood event, about 1% higher is shown in Figure 9 (a), indicating the bed change in last flood event will slightly increase the inflow discharge of 1,000 m 3 s À1 and fixed bed until reaching a steady stage. Then the model is run for 300 h with the hydrograph plotted in Figure 10 (a) and a constant discharge of 1,000 m 3 s À1 for 500 h longer to simulate the river recovery process. As a result, the water surface level becomes lower for an upcoming flood event with the same hydrograph, indicating the flood risk considerably decreases in this event. This means, for a fluvial flood with movable bed, the morphological effect is by no means trivial to reliably predict the flood risk and should be properly taken into account during the planning, design, construction and management relating to flood risk evaluation.
